Introduction
In the previous studies we indicated that during the introduction by the National Bank of Ukraine of the real reforms aimed at inflation targeting it is expedient to consider the possibility of developing a monetary rule for the base interest rate of the central bank. The Memorandum of Economic and Financial Policy (here in after referred to as the Memorandum) that was signed between Ukraine and the IMF in April 2014 defines the commitments of Ukraine to introduce the regime of inflation targeting within 12 months since the date of the document's signing [1] . The Memorandum also stipulates that the National Bank is obliged to take measures, which are necessary to improve the efficiency of its interest rate policy. Thus, the problem of developing a monetary rule for the interest rate grows in importance receiving an immediate practical value.
It should be noted that in our previous work we offered scientific approaches to the formation of the monetary rule for the Ukrainian economy; however, this rule was developed for the monetary aggregates [2] . Inexpediency of developments in the previous years of the monetary rule for the interest rate was explained by the lack of comprehensive reforms aimed at introducing inflation targeting in Ukraine, which should include: liberalization of the exchange rate formation on the foreign exchange market; increase of transparency, independence and scientific validity of the monetary policy; availability of the political will to reform the monetary policy instruments and the strategies for their application. During the first half of 2014 essential practical steps were made to optimize the monetary policy of the National Bank of Ukraine, in particular, liberalization of approaches to the formation of the exchange rate and commitments to the IMF made at the highest political level regarding the implementation of the inflation targeting regime.
Research of parameters of the monetary policy's interest rate rule for the economy of Ukraine
For the first time the monetary rule for the interest rate was substantiated by John Taylor over 20 years ago [3] . In his study, on the basis of empirical data of the U.S. economy, he justified the expediency of transition from discretionary monetary regulation to the use of monetary policy instruments based on the defined stable relationships between the parameters of the money market and macroeconomic indicators. These relationships, formalized as an equation or a system of equations, have become to be known as the monetary rule. It should be noted that over the two decades the monetary rule for the interest rate has become widely accepted among researchers and practitioners. In particular, in the explicit and/or implicit form the monetary rule is used by most central banks, the policy of which is based on the inflation targeting regime. The key elements of the monetary rule remain practically unchanged, but the order of their mathematical consideration and additional elements may vary significantly. Researchers have proposed a number of monetary rules for the interest rate [4] [5] [6] [7] , but most of them are modifications of the Taylor rule. Thus, the relationships that form the basis of this rule have been confirmed empirically in many countries over a lengthy period of time. Therefore, we consider it necessary to develop methodological approaches to the formation of the monetary rule for the Ukrainian economy based on the monetary Taylor rule.
As noted above, the effectiveness of monetary rules is confirmed by the significant experience of their practical application. However, the results of the last global financial crisis of 2008-2009 caused certain debates in the scientific community about the usefulness of the rules during financial crises. For example, British researchers say that the monetary policy of their country within the period 1992-2007 was described quite efficiently by the use of the Taylor rule, but this rule did not work during the financial crisis of 2008-2009 [8] . In response to such criticism John Taylor published a number of works [9] [10] [11] [12] , in which he proved the expediency of the rule's use offering to adjust classical indicators to the interest rate spread. In his opinion, this indicator should be a reflection of the level of the money market imbalances making it possible to consider the impact of financial crisis on the parameters of the monetary rule. Taking this formula as a basis we develop methodological approaches to the formation of the monetary policy interest rate rule for the Ukrainian economy based on the quarterly data for the last ten years. To calculate the real interest rate we propose to use an average (for each quarter) discount rate of the National Bank of Ukraine as a key reference point of the interest rate policy of the National Bank adjusting it for inflation. The choice of the discount rate as a reference point for the interest rate policy is caused by several factors. First of all, according to Article 1 of the Law of Ukraine "On the National Bank of Ukraine" from 20.05.1999, the discount rate is one of the monetary instruments which help the National Bank of Ukraine to establish a benchmark for banks and other participants of the money and credit market regarding the cost of the borrowed and allocated funds. In addition, the resolution of the National Bank of Ukraine Number 389 from 18.08.2004 [15] states that the discount rate is the main interest rate, which depends on the processes taking place in the macroeconomic sphere and on the money market. Thus, formally the discount rate is a key reference point for the cost of funds on the money market of Ukraine. Secondly, there are no alternative relevant indicators, which could be considered as the equilibrium price targets for the domestic money market. Possible alternative indicators (interbank market rates, interest rates on credits and deposits of commercial banks' customers, rates on government bonds) characterize only certain segments of the money market, not the general trends in the value of financial resources in the economy. In addition, these alternative rates are not under the control of the National Bank of Ukraine. On the other hand, according to Article 27 of the Law of Ukraine "On the National Bank of Ukraine" the National Bank establishes the procedure for determining the discount rate and other interest rates on its operations. The procedure for determining the discount rate of the National Bank is specified by Section 3 of the provision "On the interest rate policy of the National Bank of Ukraine" [15] . This document states that the discount rate is used by the National Bank both as a means of monetary policy implementation and the reference point for the price of money. It is also indicated that the dynamics of the rate depends primarily on the general economic trends, macroeconomic and budgetary processes and the state of the monetary market.
According to the model of the equilibrium interest rate is used. In most studies, the definition of equilibrium indicators used in the monetary rules is conducted by smoothing the actual dynamics of these indicators with the use of Hodrick-Prescott filter. For smoothing the discount rate dynamics (and the dynamics of real GDP) we use the modification of the filter proposed by Hyeongwoo Kim [16] , which involves the use of the matrix analysis elements. This modification is also used in the research of the World Bank [17] . It should be noted that the separation of the equilibrium discount rate trajectory partially eliminates the actual inertia of its application by the National Bank (sometimes during the study period a situation was observed when this rate remained unchanged for several quarters). Figure 1 shows the actual and the smoothed quarterly dynamics of the National Bank's discount rate. In addition, the figure shows the dynamics of the average weighted rate for all refinancing instruments that were used by the National Bank during each study period. As we can see from this figure, the discount rate in each study period was lower than the average refinancing rates. Moreover, it remained stable for a long period of time. The trajectory of the smoothed discount rate reflects the general logic of the application of interest rate levers in the monetary policy over the past decade. The analysis of the trajectories leads us to the conclusion that the indicative rate of the interest rate policy mainly had a pro-cyclical impact on the money market while interest rate levers were not the key instruments regulating the dynamics of the money supply. This function was performed mainly by the National Bank's operations on the foreign exchange market (currency interventions) and administrative influence on the situation on the money market.
It should be noted that we support the opinion of many domestic researchers about the insufficient effectiveness of the interest rate channel in the Ukrainian monetary policy and the consequent inefficiency of the discount rate use as a benchmark for the interest rate policy. However, given the lack of other relevant indicators of the National Bank's interest rate policy and considering the commitments of Ukraine to improve the effectiveness of the interest rate policy determined by the memorandum with the IMF, we believe it appropriate to use this rate in developing monetary policy rules.
Another indicator used in formula 1 is the level of inflation ( t ). As the law "On the National Bank of Ukraine" determines that the main objective of the National Bank's activity is to maintain a stable rate of consumer inflation in the medium term perspective, the consumer price index is used as an indicator of inflation rate. It should be emphasized that the monetary policy rule is formed for quarterly data.
Therefore, for calculations quarterly consumer price indices were taken, which were calculated according to the corresponding quarter of the previous year.
The next component of the monetary rule is the output gap, which is calculated as a difference between the actual real GDP (Y t ) and the equilibrium dynamics of this indicator (Y t n ), which characterizes the equilibrium level of GDP (Figure 2 ). This figure presents the quarterly dynamics of the real GDP in Ukraine over the past decade as well as a linear trend defined by the Hodrick-Prescott filter for this indicator. The figure also shows the formula and significance of the linear trend, which indicates its unreliability. Other ways to determine the real GDP trend of Ukraine by means of simple functions considering the obtained value of the approximation reliability, also show the statistical insignificance of the obtained results: for logarithmic function R 2 = 0.247; for polynomial trend of the third degree R 2 = 0.273; for power function R 2 = 0.218; for exponential trend R 2 = 0.161. Therefore, it is reasonable to use more sophisticated methods of determining the trend and cyclical component of GDP, including Hodrick-Prescott filter. The majority of foreign researchers [8; 18; 19; 20] use this particular filter for the estimation of equilibrium GDP as a component of the monetary rule. In addition, the possibilities for assessing the equilibrium dynamics of macroeconomic indicators of Ukraine with the help of the Hodrick-Prescott filter were positively evaluated by domestic researchers [21] . In particular, they point to the expediency of applying this filter to the data series starting from the 1st quarter of 2001, when the systemic economic crisis of the 90-ies was overcome, which was accompanied by significant imbalances in macroeconomic parameters. The last element of equation 1 is the interest rate spread. Economic studies use various spread indicators. Considering the focus of our research and availability of the necessary data for the studied period we use two indicators of the interest rate spread. The first indicator is based on the analysis of the situation on the wholesale segment of the world financial market, which is calculated as a difference between the rate on government bonds of Ukraine and the rate on U.S. Treasury bonds (herein after referred to as the government bond spread). For the formation of a data series for this indicator we use the World Bank database [22] . To calculate all other indicators for this work we use the official electronic databases of the National Bank of Ukraine [23] and the State Statistics Service [24] . The second indicator characterizes the price dynamics in the retail segment of the money market. It is calculated as a difference between the average weighted lending and deposit rates of Ukrainian banks in the national currency on the transactions with customers (herein after referred to as the credit spread). The dynamics of these indicators is shown on Figure 3 .
As we can see from this figure, there is no correlation between these indicators, although the economic logic of their changes is similar: their increase indicates the growth in risks and significant impact of external shocks on the money market. In our opinion, the difference in the dynamics of interest rate spreads shown on Figure 3 is caused by various factors. The size of the spread on government bonds is mainly determined by the assessment of external investors of the riskiness of financing Ukrainian residents as well as the level of liquidity on the international financial markets. In this context a sharp increase in the value of the spread from the fourth quarter of 2008 to the third quarter of 2009 is revealing. During this period, which was characterized by an aggravation of the global financial crisis, the value of the spread on government bonds was 2-3 times higher than the value of the credit spread. On the other hand, the credit spread is determined by the level of liquidity of the banking system of Ukraine and the current political and economic factors that influence the balance between the efficiency and riskiness of using various financial instruments inside the country. To estimate the parameters of the monetary rule we form a multivariable regression model. Previously we have described some factor signs used in this model: x 1 the equilibrium real interest rate, x 2 the level of inflation, x 3 the interest rate spread, x 4 the output gap. We propose to use a smoothed dynamics of the average weighted interest rate for all refinancing instruments that were used by the National Bank of Ukraine during the corresponding quarter of the studied period. Table 1 contains the parameters of the multivariable regression equation, which was built by using the credit spread indicator. As shown in Table 1 , on the whole, the obtained multivariable model is statistically significant. All coefficients with an exception of the output gap coefficient are also significant. The analysis of the values of the obtained coefficients leads to the conclusion that the biggest impact on the interest rates was caused by the equilibrium real discount rate and inflation dynamics. Table 2 shows the parameters of the obtained multivariable regression equation that was built by using the indicator of the government bond spread. As follows from this table, the obtained multivariable model is characterized by even greater static significance than the previous one. All coefficients with an exception of the output gap coefficient are also significant. The peculiarity of this model is the reverse influence of the spread indicator (x 3 ) on the dynamics of the resulting indicator, which corresponds to the theoretical model (equation 1) and demonstrates a certain countercyclical component in the interest rate policy of the central bank of Ukraine. Based on the analysis of values of the obtained coefficients conclusions can be made, which are similar to those formulated for the previous model. The use of leads (reflecting the expectations of economic agents) and lags (reflecting the inertial influence of factor signs on the final results) at economically reasonable intervals does not lead to a significant improvement of the static relevance of the described multivariate regression models (Table 1 and  Table 2 ).
To obtain a model with significant coefficients we have to exclude the output gap indicator from the multivariable regression, which is built by using the indicator of government bond spread ( Table 2) . As a result of these transformations we obtain the regression equation given in formula 2:
1.37 1.42 0.05 , n tt t t i= r + (2) where i t is the smoothed real refinancing rate (average weighted rate for all instruments); r t n is the equilibrium real discount rate of the National Bank of Ukraine; t is the consumer price index; t is the interest rate spread on government bonds.
In general, the regression dependence expressed by formula 2 is statistically significant ( = 0.05; R 2 = 0. 95). The value of F-test is 239, and its significance is 1.0542 E-24. This model is also characterized by the significance of all coefficients for all factor signs. Absolute values of these coefficients and their influence on the resultant practically coincide with the coefficients of the model, which is described in Table  2 . Thus, we can conclude that during the period of 2004-2013 the most significant impact on the refinancing rate of the National Bank of Ukraine was made by the dynamics of the equilibrium discount rate and the consumer price index.
2. The use of the spread-adjusted Taylor rule for assessing the effectiveness of the interest rate policy of the National Bank of Ukraine.
During the next stage of our research we solve the task of forming the assessment trajectory for the base interest rate of monetary policy based on the coefficients substantiated by researchers for monetary rules. The classic work of John Taylor [3] , which first proposed the use of monetary rule for the main interest rate of the central bank (formula 3), empirically determined the values of coefficients of the inflation rate and the output gap:
where r is the base rate of the Federal Reserve System, p is the annual inflation rate; y is the deviation of real GDP from its equilibrium level.
In his subsequent publications [18] John Taylor points out that the above formula determines the expediency of increasing the base rate of the monetary policy of the Federal Reserve System 1.5 times of any excessive inflation and the necessity to increase 0.5 times the base rate of the Federal Reserve System as a result of the positive output gap. The acquired coefficients are a reference point for further studies of the monetary policy rules.
However, empirical studies indicate the probability of deviation of the actual coefficients from the values, which are relevant for the U.S. economy. For example, article [25] describes a model of small open economies in the developing countries (South Africa, Mexico, Indonesia and Thailand). One of the equations of this model is the modified Taylor rule (formula 4):
where R t is the basic short-term rate of the central bank; y t is the real GDP; t is the consumer inflation; μ t is the dynamics of the money supply growth; s t is the real exchange rate. In this formula indicators R, y, , μ, s are equilibrium values of the variables y t , t , μ t , s t respectively. Table 3 provides an assessment of the coefficients of the above equation according to the method of maximum-likelihood estimation.
As formula 1 does not use indicators for the dynamics of the money supply and the real exchange rate, we are interested only in the coefficients of real GDP and inflation. The analysis of data coefficients makes it possible to conclude that the coefficients of the inflation rate range from 1.1 to 0.3 and for each of the studied economies exceed the coefficients of the real GDP (ranging from 0 to 0.2). Therefore, despite the fact that the values of actual coefficients depend on the specification of the monetary rule formula and the structure of the studied economy, they do not significantly deviate from the ones substantiated by Taylor. Also unchanged remains the ratio between these coefficients: central banks should react more strongly to inflation processes than to real GDP deviation from the equilibrium value. (5) where i t is the basic interest rate of the central bank; i* t is the equilibrium value of the interest rate; t is the actual base inflation; * t is the target base inflation; y t is the dynamics of real GDP; y* t is the dynamics of equilibrium real GDP.
As follows from formula 5, the coefficient that reflects the reaction of the Central Bank of Canada to inflation shocks is 3.0 while the coefficient of reaction to general shocks in production is 0.5. The paper also indicates that in some cases more adequate results were obtained in models in which the coefficient of output gap was 2.0.
Finally, in our multivariate regression models (Tables  1 and 2 ), the coefficients of the inflation indicator (x 2 ) and output gap (x 4 ) approach the theoretical values discussed earlier. In particular, the coefficient of the inflation indicator was 1.56 and 1.42, respectively (with the mean value of 1.49, which is fully consistent with the classical Taylor rule). Thus, during the modeling of the optimal trajectory of the base interest rate we use coefficients substantiated in the classical works of Taylor: 1.5 for inflation indicator and 0.5 for output gap indicator. The coefficient of the equilibrium real interest rate (r t n ) according to the majority of explicit monetary rules for interest rate (formulas 1, 3 and 5) equals 1.
In this way the only undetermined coefficient remains the coefficient of the indicator of the interest rate spread. A significant part of research of the American scientists such as Vasco Curdia and Michael Woodford [13] is devoted to the study of this coefficient's value. They come to the conclusion that the value of this coefficient depends on two key factors: the duration (impact strength) of crisis phe-nomena during the study period; and the key factor that causes shocks that destabilize the situation on the financial market and lead to the spread increase. In this paper we offer a set of coefficients' values with the spread indicator ( t ), which can be chosen according to the abovementioned parameters. At the time of our study the global financial crisis occurred, the consequences of which significantly influenced the financial market of Ukraine for about 6 quarters. It is well known that the key factors of this crisis lie in the area of financial relations. Given these factors, for the indicator of the interest rate spread we have chosen the value 0.75 among the indicators investigated by American scientists [13] . Considering the above mentioned coefficients' values and parameters of formula 1, to calculate the optimal trajectory of the base interest rate of the National Bank of Ukraine we use formula 6: (6) where i t is the optimal base rate of the National Bank of Ukraine; r t n is the equilibrium real discount rate of the National Bank of Ukraine; t is the consumer price index; Y t is the actual dynamics of real GDP; Y t n is the equilibrium dynamics of real GDP; t is the interest rate spread.
The results of calculations with the help of formula 6 are shown in Figure 4 . This figure demonstrates the optimal trajectories of the base rate of the monetary policy of the National Bank of Ukraine, which are calculated for the credit spread and government bond spread. As we see, these trajectories are quite similar: the correlation coefficient is 0.8. It also shows the trajectory of the smoothed discount rate and refinancing rate, which also have a similar dynamics: the correlation coefficient is 0.96. In addition, we offer the graph of the actual refinancing rate the values of which during most periods vary within the corridor formed by the smoothed refinancing rate (close to upper limit) and discount rate (lower limit).
According to paragraph 3.1 of the provision "On interest rate policy of the National Bank of Ukraine" [15] , the discount rate is the lowest among the interest rates used by the National Bank to support banks' liquidity. The appearance of the optimal base rates of the monetary policy in the corridor of actual smoothed rates of the National Bank of Ukraine can be regarded as a correspondence of the actual interest rate policy of the National Bank of Ukraine to theoretically substantiated macroeconomic relationships that are formalized by the spread-adjusted Taylor rule. Starting from the forth quarter of 2008, which is characterized by a significant influence of the global financial crisis on the Ukrainian economy, the trajectory of optimal rates is significantly lower than the actual rates of the National Bank of Ukraine indicating insufficient expansionary focus of the central bank's monetary policy during the crisis development. A significant decrease in refinancing interest rates directed at filling the economy with cheap financial resources should have been conducted since the forth quarter of 2008 to the forth quarter of 2009 inclusively.
During the period of 2010-2011 interest rates of the National Bank of Ukraine were economically justified. Since the I quarter of 2012 and till the end of the study period (I quarter of 2014) economically justified rates of the National Bank should be much lower than their actual levels. This conclusion is caused by the need to fill the economy with cheap monetary resources to support the economic activity during the crisis period.
Conclusions
This work studies scientific and methodological approaches to the formation of the interest rate monetary rule for the Ukrainian economy. Based on the quarterly historical data for the period of 2004-2013 the relationships between the parameters of the spreadadjusted Taylor rule are analyzed. It is determined that during this period the output gap did not significantly affect interest rates of the National Bank of Ukraine.
The authors offer methodological approaches to the formation of the monetary policy rule that can be used for modeling the optimal trajectory of the base rate of the National Bank of Ukraine. The obtained model makes it possible to conduct a retrospective evaluation of the efficiency of the central bank's interest rate instruments. A detailed analysis of the obtained optimal trajectory suggests the possibility of using the proposed spread-adjusted Taylor rule for the Ukrainian economy in order to prevent the negative effects of various shocks on macroeconomic stability and equilibrium of the money market. However, this rule can be fully applied only under conditions of the real implementation of the inflation targeting regime. In addition, in order to use interest rate levers of the monetary policy to adjust macroeconomic imbalances this rule should be formed on the basis of predictive values of its indicators.
